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PROBLEM TO BE SOLVED: To obtain an optical hydrophilic variable 
optical element which is simple in structure, is low in light quantity 
loss, is derivable by a low voltage and obviates the occurrence of 
unhappiness by using liquid crystals having a twist pitch smaller than 
the wavelength of the light transmitted through the liquid crystals. 
SOLUTION: A variable forces lens 1 is constituted by holding chiral 
nematic liquid crystals 2 between flat plate glass 4 and lens 5 
respectively formed with transparent electrode film 3 on the inner side 
via oriented film 6 and is sealed with a sealant 7. The pitch of the 
twists of the liquid crystals 2 is made extremely smaller than the 
wavelength of the light. The lens 5 acts as a lens having a refractive 
index n' without depending on the polarization of incident light where n' 
is defined as n t= (ne+n0)/2 (ne is refractive index to the polarization in 
the major axis direction of the liquid crystal molecules, nO is refractive 
index to the polarization in the minor axis direction of the liquid crystal 
molecules). When an electronic field is impressed between the oriented 
films 6, the arrangement of the liquid crystal molecules changes and 
the liquid crystals 2 turn to isotropic media having the refractive index 
nO. 
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translation of the portion marked A on pages 2-6 (paragraphs 

[0011]-[0044] ) 

[0011] 

[Measures to Solve Problems] 

An optical characteristic variable optical element according to the 
present invention is constructed such that liquid crystal is contained 
in a sealed space formed by a pair of members and that an external physical 
action controls orientation status of liquid crystal molecules of the 
liquid crystal to thereby change optical characteristics of the liquid 
crystal, wherein the liquid crystal has a twist pitch smaller than a 
wavelength of light transmitted therethrough. 

[0012] Since the liquid crystal has a twist pitch smaller than the 
wavelength of light transmitted therethrough, the optical characteristic 
variable optical element according to the present invention is simple 
in structure, has a small loss in amount of light, causes no blur of an 
image, and can be driven by a low voltage to change its optical 
characteristics . 
[0013] 

[Modes for Carrying out Invention] Embodiments of the present invention 
will be described in reference to the drawings. 

[0014] Fig. 1 through Fig. 17 are directed to a first embodiment of 
the present invention. Fig. 1 shows the general configuration of a 
variable focus lens. Fig. 2 shows a refractive index ellipsoid of a 
molecule of the chiral nematic liquid crystal shown in Fig. 1. Fig. 3 
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is an explanatory view for explaining the function of the variable focus 
lens shown in Fig. 1. Fig. 4 shows a specific configuration of the 
variable focus lens shown in Fig. 1. Fig. 5 shows the liquid crystal 
molecular arrangement of chiral smectic liquid crystal in the chiral 
smectic-C phase used in a first modified example of the variable focus 
lens shown in Fig. 1. Fig. 6 shows the configuration of a variable focus 
lens that uses the chiral smectic liquid crystal shown in Fig. 5. Fig. 
7 is an explanatory view for explaining the function of the variable focus 
lens shown in Fig. 6. Fig. 8 shows the configuration of a second modified 
example of the variable focus lens shown in Fig. 1 where chiral cholesteric 
liquid crystal is used. Fig. 9 is an explanatory view for explaining 
the function of the variable focus lens shown in Fig. 8. Fig. 10 shows 
measured values of reflectance with respect to the chiral cholesteric 
liquid crystal shown in Fig. 8. Fig. 11 shows the configuration of a 
second modified example of the variable focus lens shown in Fig. 1 where 
discotic liquid crystal is used. Fig. 12 is an explanatory view for 
explaining the function of the variable focus lens shown in Fig. 11. Fig. 
13 shows a refractive index ellipsoid of a molecule of the discotic liquid 
crystal shown in Fig. 11. Fig. 14 is a first Z-direction view of the 
discotic liquid crystal shown in Fig. 12. Fig. 15 is a second Z-direction 
view of the discotic liquid crystal shown in Fig. 12. Fig. 16 shows a 
configuration of a variable focus lens in which the orientation of the 
chiral nematic liquid crystal shown in Fig. 1 is changed by application 
of the magnetic field. Fig. 17 shows a configuration of a variable focus 
lens in which the orientation of the chiral nematic liquid crystal shown 
in Fig. 1 is changed by use of temperature variation. 
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[0015] As shown in Fig. 1, a variable focus lens 1, as the optical 
property variable optical element according to the first embodiment, is 
basically constructed such that a plane plate glass 4 and a lens 5, whose 
inside faces are coated with transparent electrode films 3, respectively, 
sandwich chiral nematic liquid crystal 2 with intervention of orientation 
films 6 and then are sealed with seal material 7, wherein the twist pitch 
P of the chiral nematic liquid crystal 2 is very much smaller than the 
wavelength X of the light. Namely, 
[Math. 1] P« A (1) 

When the pitch P is very much smaller than the wavelength X as in this 
case, the lens 5 acts as a lens having a refractive index n' irrespective 
of the polarization condition of the incident light. 
[0016] 
[Math. 2] 

n < = ni±ibL (2) 

2 

where n e is a refractive index for polarized light in a direction of the 
major axis of the liquid crystal molecules, and n Q is a refractive index 
for polarized light in a direction of the minor axis of the liquid crystal 
molecules. Fig. 2 shows a refractive index ellipsoid that corresponds 
to a liquid crystal molecule on the incident side of the chiral nematic 
liquid crystal 2, where x axis and z axis coincide with the minor axes 
of the liquid crystal molecule, y axis coincides with the major axis of 
the liquid crystal molecule, and n e > n Q . 

[0017] We will explain below why the chiral nematic liquid crystal 2 
according to the present embodiment acts in effect as an isotropic medium 
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having the refractive index n' , using Jones vectors and matrix. 
[0018] According to Expressions 3.107, 3.110 and 3.126 shown in pages 
85-92 of the above-cited document 1, where variation exp (-ia) of absolute 
phases are incorporated, Jones matrix W t for the chiral nematic liquid 
crystal 2 with the thickness d shown in Fig. 1 is given as 
[Math. 3] 

sin X 



where 
[Math. 4] 



f v . T sin X 
cos X — i- 



W t = e ia R(-Q>) 



2 X 
sin X 



o = 



2nd 



(4) 



cos X + / 



X 

r sinX 

2 X . 



(3) 



[Math. 5] 



[Math. 6] 



T = 2n(n e - n 0 ) — 



a -2n 



(n e + n Q ) d 



(5) 



(6) 



[Math. . 7] 



X = Jo 2 +- 



(7) 



[Math. 8] 



*(-<D) - 



( cos <I> - sin 0 > 
sin O cos <P j 



(8) 



[0019] In these expressions, where an ordinary ray is defined as 
polarized light in the direction of the minor axis of a liquid crystal 
molecule, and an extraordinary ray is defined as polarized light in the 
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direction of the major axis of the liquid crystal molecule or is defined 
as polarized light in the direction of a projection of the major axis 
on a plane perpendicular to the optical axis, T represents the phase 
difference between the ordinary ray and the extraordinary ray caused by 
the chiral nematic liquid crystal 2. 

[0020] Also, 0 is the twist angle, in radian, of the liquid crystal 
molecules of the chiral nematic liquid crystal 2. The coordinate system 
applied to Expression (3) and Expression (8) takes x, y, z axes that are 
shown in Fig. 1. Thus, x axis runs from the front side toward the rear 
side of the figure, and y axis runs in the direction of the major axis 
of the liquid crystal molecules on the entrance surface of the chiral 
nematic liquid crystal 2. 

[0021] Now, let us discuss how W t in Expression (3) behaves under the 
condition of Expression (1) . 

[0022] Expression (1) can be transformed to 
[Math. 9] 

0 < — « 1 ( 9 ) 

X 

Here, let us obtain the limitvalue W t L of Expression (3) as P/X — » 0. 
[0023] Since 
[Math. 10] 

r p 

— = 2n{n e - rio)— (10) 
O X 

if PA«1, then 
[Math. 11] 
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(11) 



Therefore, ir/<D|— «• 0 as I P A| — » 0. 

[0024] Under the condition of Expression (11) , the following 
approximations can be made: 
[Math. 12] 



X = O. 



-2 ^ 



1 + 



V 



20' 



« 0 + 



40) 



[Math. 13] 



COSX « COS 



0 



-2 ~\ 



4<D 



[Math. 14] 



sin 



r smX r 



2 x 



0> + 



^2 > 

40 



0 + 



[Math. 15] 



<D 



sin X 
X 



sin 



40 



^2 ^ 



0 + 



40 



1 + 



40' 



Thus, as P/A. — * 0, 
[Math. 16] X — ► 0 
[Math. 17] cosX — > cos0 
[Math. 18] 

T sinX 



(16) 



2 X 



0 



(17) 



(18) 



(12) 



:i3) 



(14) 



(15) 



[Math. 19] 
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^ sin X . ^ 

O > sin d> (19) 

Therefore, as P/X — » 0, 
[Math. 20] 

cosO sinO^ 



• „ / \ VV/O VK Jill 

- sin O cos <D i 10 1 



(20) 



This is the very Jones matrix for a medium that is isotropic with respect 
to the optical axis with the refractive index n' = (n e + n Q ) /2 and the 
thickness d. 

[0025] On this ground, it can be said that since P/X« 1, the variable 
focus lens 1 shown in Fig. 1 functions as a lens with the refractive index 
n' and accordingly is able to form an image without blur. 

[0026] Also, in the variable focus lens of Fig. 1, when an AC power 
supply 8 is made ON by a switch 9 to give an electric field between the 
orientation films 6, the chiral nematic liquid crystal 2 forms an array 
as shown in Fig. 3 and becomes an isotropic medium with the refractive 
index of n Q , or an liquid crystal lens having a different focal length 
than that in the state of Fig. 1. As a result, a variable focus lens 
without blur of the image can be realized. • 

[0027] Next, a specific configuration example of the above-stated 
variable focus lens 1 will be explained. As shown in Fig. 4, the variable 
focus lens 1 is specifically configured to be given a continuously 
variable voltage by a variable resistor 21 and thus arrangement of its 
liquid crystal molecules can assume a middle status between the statuses 
shown in Fig. 1 and Fig. 3. As a result, a liquid crystal lens with 
continuously variable focal length can be realized. 
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[0028] It is noted that the above Expressions (3) - (20) are satisfied 
even in the case of the middle status shown in Fig. 4 if the value of 
n e is substituted by the refractive index n e ' of the extraordinary ray, 
which is the mean of n e and n Q . 

[0029] It is also noted that the configuration shown in Fig. 4 allows 
the applied voltage to be selected among several discrete values, not 
limited to the continuously variable values, to realize a variable focus 
lens . 

[0030] Here, a practical example of the variable focus lens 1 configured 
as shown in Fig. 4 is explained in detail. 

[0031] While Expression (20) expresses the limitvalue as P/A, — ► 0, we 
will introduce an approximation of Expression (3) considering the fact 
that the limitvalue is not always applicable to a practical liquid crystal 
lens, or a variable focus lens. 

[0032] If Expression (3) is approximated upon considering first or 
lower order terms of P/X, in other words, if second or higher order terms 
of P/A, are ignored in Expressions (12) - (14), or first or lower order 
terms of r/<I> in Expression (10) are considered with second or higher order 
terms of P/A, and second or higher order terms of T/O being ignored, the 
following expression will be derived. 



[Math. 21] 



cos X - / 



. T sin X 
i 

2 X 



(. . r . (. r r 

; O + / sin O + 

^ 4 <D ) 2Q> \ 4 O, 



(21) 



Accordingly, 



[Math. 22] 




(22) 
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[Math. 23] 



W t « e ia R(-<X>) 




(23) 



are obtained. Therefore, if the value of |i-r/2<D| is close to zero, 
the value of W tN can be regarded as substantially equal to the Jones matrix 
of an isotropic medium. In this condition, W tN is close to 
[Math. 24] 



This expression means that the liquid crystal can be regarded as an 
isotropic medium while polarization direction of incident light twists 

by r/4-r/o. 

[0033] 
If 

[Math. 25] 




(25) 



, or 

[Math. 26] 




(24) 



r 



« l 



(26) 



2<P 
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a variable focus lens without image blur can be obtained. Expression 
(10) introduces 
[Math. 27] 



r p 

— = 7t(n e - no) — 

20 A 



(27) 



[0034] If the variable focus lens of the present invention is applied 
to such a photographing apparatus provided with lenses as is a relatively- 
inexpensive product having a solid state image sensor with a small number 
of picture elements and as is not always required to achieve high image 
definition, namely, an electronic camera, a VTR camera, an electronic 
endoscope or the like, the requirement condition may be less limiting 
than Expression 26. In this case, satisfaction of 
[Math. 28] 



2<D 



< 1 



(28) 



is sufficient. 

[0035] Since lenses for products with high image quality such as a lens 
for an electronic image pickup device having a large number of picture 
elements, a lens for a film camera, and a lens for a microscope are required 
to achieve high image definition, satisfaction of 



2<D 



71 

< — 

6 



(29) 



is required. 

[0036] For lenses that are not used for image formation, such as a lens 
used with an optical disc, the requirement condition is much less limiting 
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[0037] It is noted, as a general matter applicable to the present 
embodiment, that when liquid crystal forms a spiral array or when the 
major axes of liquid crystal molecules are directed non-orthogonal to, 
or oblique with respect to the optical axis, Expressions (26) - (30) could 
be effective upon n e being replaced by n e ' . 

[0038] Several design examples are listed as follows. 

[0039] If the thickness d of the chiral nematic liquid crystal is too 
small, lens power is too weak to avail. On the other hand, if too large, 
light is scattered to cause flare. Therefore, the range 

[Math. 31] 2//<<i<300// (31) 

is appropriate. If visible light is considered for use, for example, 
the range of the wavelength X of the light is expressed by 
[Math. 32] 0.35// < k < 0.7// (32) 

[0040] While the value of n e - n 0 varies dependent on the properties 
of the liquid crystal, most of substances have the value in the range 
of 

[Math. 33] 0.01 < \n e -n 0 \ < 0.4 (33) 

Therefore, if a first design example is made with the parameters being 

set as follows 

d= 15// 

;t = 0.5// 

n e —n 0 = 0.2 

P = 0.05//, 

Expressions (26), (28), (29), (30) are satisfied with T/20 = ^ • 0 . 2 x 
0.05/0.5 = 0 . 02tzt. 

[0041] If a second design example is made with the parameters being 
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set as follows 

J =30// 

X = 0.6// 

n e — n 0 = 0.25 

P = 0.3//, 

Expressions (26), (28), (29), (30) are satisfied with r/2<t> = n • 0 . 3 x 
0.25/0.6 = 0.125*-. 

[0042] If a third design example is made with the parameters being set 

as follows 

rf=50// 

X = 0.55// 

n e —n 0 = 0.2 

P = 0.6//, 

Expressions (28), (30) are satisfied with r/20> = 0 . 2 x 0 . 6/0 . 55 = 0 . 109*-. 
[0043] Furthermore, if a variable focus lens for near-infrared light 
is considered as a fourth design example with the parameters being set 
as follows 
</=200// 
/I = 0.95// 
n e — n 0 = 0.2 
P = 0.7//, 

Expressions (26), (28), (29), (30) are satisfied with T/20 = tz • 0 . 2 x 
0.7/0.95 = 0.1458*". 

[0044] In the above-listed design examples, explanation is made based 
on use of chiral nematic liquid crystal. In order to make the spiral 
pitch of the chiral nematic liquid crystal smaller than the wavelength 
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of light in use, it is preferred to mix chiral dopant into the liquid 
crystal . 
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^ \-sln* cos«l>J 1,0 I J 



(20) 



hfcSo 3*UiJB#T^n' = (ne+no) /2, Jf££d 

[002 5] S^oT* P/A.«17?feSCDT, HI© 
W,l/>Xllt JBWT*n' <DU>X£LXftm 

[0 0 2 6] Etl©«r^-^»XllCfe^T, 
59WW8S:^>fy^9icj:yoNU:U ffifflflKenic 
«g&#A&i:, #>f5;i/*v-ry*?&fl2ti:, 03© 
«ke>lcia?!IU ^,IlteJS^no©^£«i;fcS© 
T*, Hl©ttlBWfc'<T, ^JB^JI&SStiil^X 

•So 

[0027] jjB©nfi(3iit&i/>xi ©j«*ttfc 



cosX-/ 



:22] 



-sin at . r r. 

4> — — i= siu(4> + — — ) 
X 4 * 



r sinx , . , r r. 



(22) 



* [0 0 2 8] tt&s H4fflJ:3fc#|HlfflHiai©*#lCJ3 
WC*), ne©fB&, ne£ no©fc5^R3©filrc3!>£^ 

o) ~5$ (20) itmr~zti2>o 

[0 0 2 9] fcjfe. H4©J:"5(Ci|fta-r*ii:-e» SEE 

30 [0 0 3 0] ilf, EI4©J:e)lC^LfenJ^*l/ 
>Xl©38B»fc«lcovvr, fWmcfflWr*-*. 
[0 0 3 1] 5£ (2 0) {cap/x-»o©ffis©«#^ 
S*S*iTVV&#. 99B<m&ki/yx* -imM&^yXT* 

tt<&i* L «Bffi#&T tt* 6 & V *»£%»&<&©T», * 
(3) ffliS{H5SSfc#Vvt#*. 

[0 0 3 2] 5£ (3) £P/;i©17fc*T*&#;*-Tj£{« 
•TSi:, «fc©J:-3ICfc*. o**J, * (12) ~5£ (1 
4) T\ P/X©l«c*T, "fJ&fc'b* (10) «fcU, 
r/*©HJc*Tfft»LP/A©2i>cJ!9LL T/4>©2 

40 aceihfewtifc, 

GR2 1] 



r r r 

— sin(C> + — — ) 
20 ■• 4 fl> 

QR2 3] 



(21) 



7 



(5) 
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8 



W t ^e' la *(-<D) 



/ rr r r r 

cos(0 +■ ) - / sin(4> + ) 

4* 2* 4 * 

r r 

-SinC**---) 

4 * 

(23) 



r r 

$in(* + ) 

4 * 

rr r r r 

cos(<I> + ) + / stn(* + — — ) 

4 4> 2* 40/ 



mi£^L^£il&-tt5fe«>{Cli, | i • r/2<D | ffi 
[85(2 4] 10 



brso] 



-la 



cos(---r-) sin(— — ) 
4 O 4 9 

rr rr 

-sin( ) cos(— ) 

V 4 * 4 * V 



(24) 



[0 0 3 3] 
[&2 5] 



t r I 

24M 



«1 



2* 



(25) 



(26) 



(i o) <kt) 

DR2 7] 



(27) 



2* 



< 6 



(29) 



20 



30 



[0034] ^© isyximmm. «*.««•?■** 

* (2 6) te^fc^S&S:!^ 

BR2 8J 

|-^-|<l (28) 

[0 0 3 5] B£HR®£titt?»<K^0l'>X, 7^ 
0R2 9J 



[0 0 3 6] Jt-r-f ^CDl^X^^tCfflVV^U:/ 



2* 



it 
K 2 



(30) 



[0 0 3 7] #ggs©^K#»l/cff;t*£i: 

S (1) , S (26) ~5$ (3 0) ©neft±|B©ne' 

[0 0 3 8] &TfiZ. \^<-DtH»m\m*±Xf&. 

[0 0 3 9] *-f5;i/*V5 t V*^2<Z>ffSdtt, & 

ML 7i/r<z>£Hfc&&a>' < e, 

B&3 1] 2 M<d<3 0 0 a (31) 

DK3 2] 0. 35KK0. 7^ (3 2) 

[0040] ne- no©ffltt«fi©*tt"C8t* 
[33(3 3] 

0. OKI ne-no|<0. 4 (33) 

d = 15/i 
1 = 0. 5 /it 
ne— no=0. 2 
P = 0. 0 5 # 

T/2*=ff • 0. 

fcfcy. *(2e), 

0) Sr»fe"f. 
[004 1] 3g2tf>| 
d = 3 0 (i 
1 = 0. 6/t 
ne— no= 0. 2 5 
P = 0. 3m 

r/-2*=jr-0. 3X0. 25/0. 6 = 0. 125 

7T 

fc&»J, a(26). 55(28), 5S(29), A(3 
0) 

[0 0 4 2] *£, «3©«»f*!ItL-C 
d = 5 0 m 
1 = 0. 5 5 ai 
ne— no=0. 2 



2X0. 05/0. 5 = 0. 02tt 
, 5£ (2 8) . 5£ (29) , aS; (3 



(6) 



P=0. 6/1 

r/2*=7r 



mm 

10 

5$ (2 8) 



9-24 3 80 6 



S(29),^(3 



0. 2X0. 6/0. 55 = 0. 218 



8) 



« (3 0) 



fcj&y, (2 

[0043] $ 

d = 2 0 0 ft 
1 = 0. Q5/i 
ne— no= 0. 2 
P = 0. 7m 

r/2* = re-0. 2X0. 7/0. 95 = 0. 145 
8 n 



10 



*£fc»J, 5£ (2 6) 
0) 

[0044] JW±©#|8f+MT*li, *>f * 

[004 5] ^-Y^WWhLTl*, nWJfi'M 

(D , fb^ (2) tc*-f9^*v^v^«« 
CDMfc. fl^C (3) , {fcg^ (4) ic*>f5^W®« 

[004 6] 
Hfcl] 



CH2 



CH2 



N^-methoxybcnzylkleneM'-n-butylanlJlne 
(MBBA,22~-47'C) 



Mb 2] 




4-cyano-4'-n-^entylbigbcnyl 



Mb 3] 



3*: * 
30 



It**. (2) 



CH3 



cjH5Ch — cm — y^^/y^)/ - 01 



(BDHtt CB-1J) 



Hb4] 



fc#5S (3) 



CH3 



C6H1JO 




COO— COOCHOsHu 
(Mercktt S811) 



[0 0 4 7] H6l2a*-*-J:3fC, #>f9/ia**^<!/* 



50 



(4) 

[0 0 4 8] i*i»c«EE&mw"r6fc, 

[0 04 9] £®H5~7^L&ftU<83B£M(CoV* 



(7) 
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11 

Tfc, 5*5 (1) ~5£ (3 0) ttfeTtt**;, (2 
6), 5$ (2 8) , 5$ (2 9), 5£ (3 0) 

Eftcfcvx-tfc, *-f^;i/x^^^>v^m^3 i icings 

[0 0 5 0] Z.Z.TS iU4 ; 7)lX*>?1-y9&&3 1* 

d = 25/t 
/I = 0. 55/i 
ne— no= 0. 3 

P = 0. l/i ■ 



12 



r/2*=7r-0. 3X0. 1/0. 55 = 0. 0 54 

5 7Z 

^(26),S(28),^(29),S(3 
0) Zffitct. 

[0 0 5 1] it¥&. (5) IC, 7s*9*v>>Wk 

3 1 CD4>?«litOD 1 We%& r 4 - ( n - / v* 3f 

i/) 7irM^>>-4" - (2-*-r;i/?^;b) ^7 

10 y?-Ptej3J:-£0. 2Mffe5. 
[0 0 5 2] 
Wb5] 



CaHnO— O 




H 
I 



cm — C* — cats 



[0053] ^^^n^fU'vi'i^lftj; W. 
(1) ~5£ (3 0) jWfeTtt**. 

[0054] m&mnt>z> mM&tt>m\*itfm9 © 

[0 0 5 5] fcfc, 3t;>f9^al/X^U<y^lftAlC(dai 30 

[0 0 5 6] (jfeoT, iS^stt. nB^#»Xlb 
y, Pn' wnffi^U>Xl bftifiIffl"t*3fcOllfcfi 

[0 0 5 7] Bj«M6T?aMx»i. 40 
G&34] Pn' <0. An (34) 



(5) 

[00 5 8] fcfe. ±J*l/felSia«©!JWl?»<5H5© 

£#*y. ±taCDaST^ (3 4) «®5©MlC%,ilffl 

[0 0 5 9] */f7;WWf'J *j9 MJI4 1 &£vi& 
pJ^H&l^Xl bffl«WWi:LT, 
d = 1 5/i 
ne— no= 0. 4 
1 = 0. 45/i 
P = 0. Olfi 
n' =1. 7 

r/2* = ?t-0. 4X0. 01/0. 45 = 0. 00 

8 9 TT 

fcfc»J, S(26),^(28),^(29),^(3 
0) fcffifcU Pn' =0. 0 1 1 nT*3bZ>-fri=>. 5£ 
(3 4) trtifcUT^S. 

[0 0 6 0] f&Sft^C (6) «?57-f5;U=lUX7 L U>v^?R 

[006 1] 
Hb6] 



13 



(8) 
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CHj 




chs £hs 



Sfe, nJ^&U>X©S&3©g0£Mi:l>T, Si IK 
EWMfoftfc. Hi 2<D£$iZ7 : JZ^?-v>?mMi5 1 
o*y, -r>rx3^y*?&fl5 lidu H l 3 ic^-f Sff 

3Mt pj#© «fc e> tc a© i m«sft-e»6©T?, au> 

xt LT<om.immm<*&e>T-$>Zo 

[0 0 6 2] fcfe, Z.<m&. HI 2fcZ#filrt*&Jlfc 20 
1 ©£^©BWH 1 4 Xtt 
Ell 5©J:e>lC— 3C0#|«a^ ifilV V ^Jfc t v& Ell 

2 ©wan*. m&e>wmt>-&A J *m'>&<'z*j&\,\ 

tot, S(l)~^(3 0) lii^atM 

[0063] *mm(DT&tmLmzmd&MR&W£?z> 

U9t(Z>Wr&. 0. 4KK0. 7MT*^ffl-r^^S 30 
BR3-6] 

0. 000 1/i<P<0. An (35) 
[13 6] 

0. 000 1#<P^0. 2n (36) 
[0064] * fc, #|y£©7B«tMC#^$|T*l*, 40 

;&5 6£ffl^T, WLttJ^frnuxrVvirttlSk* 

EU etta-f^/bai/x^U y#ttl&4 i©i>Mi&i/ 
>X©MT*&£#, 5;i/*v^>y >?m£k2 VH£ 

^jw ^;i/x>i^^^^^3 i©«r^,^i/>x{ciSffl 
[0065] *jaai®uifiis:SMba"tt*©»c, 0 

1 7lCj3Vf <fce>lC» 5 8 fcJB^TfiKCD^fcfCJ: 50 



fc^SC (6) 

IE** J: "McLT *)<}:<. m*T*i2E^feflfi©?ga, * 
l/>X5:7U*;i/l/>X6 0iiL/T > ^©^3$: 

s„ z:3T% 7U*;vuyX6 o^t>*u>X5«ffl^{c 

[0 0 6 6] Ell 8»4*»W«>lB2fflia6a)H9BWc»6 
wBaStfcj* U>X©«|^S:^-t^^EIT*fe-2>„ 

[0067] ^2 (Dgmni&Mit. m i ©*te©?i3»fc 
st^Bce**©-**. *&*a®»»iwu ri— © 

[0 0 6 8] ft2©£te©7gflRtt. EWfofef*? (DO 

EfesvniHOEi:=boftfn-2>) feMHl-rftij. 

[0069] HI 8lCa%tJ:-5tCU f£2©ggii©Jtgffi©. 
Bn»HUftl/>X6 11*. *-f5-«/*V-5 t iy^tiWI2S:, 

[0070] i/>3f6 2ti7i/* i n/i/>5CR"ea&6*^ 
isiiaais»*3t©at«© u^t*. p>x 6 2 ©t>to©^ 

^©rfJWJdu 

[13 7] W • 0 =m • X (3 7) 

f&£= fl tt*©IWrr©3feitt©JBH^. ml* 

[007 1] *-f9;i/*"Tr-y^Jiaft2©JB8fW!S«EE 
©8ttnKJ:oTSEASfc. EWf©»«W«Cb*©T?. * 

aswwtcBnctwn vyx&i ©&&&)£&&*.£ ^ t # 

[0 0 7 2] ft6*M5©^f-y^if©WaS:hfc 

U l/>X6 2©JB#M*S:ngi:-*-*Ui. 
W3 8] 



(9) 

15 

023.-£&-<h<5-r&- (38) 
ri —n t n -n g 

ffi.3 91 

0.25- m ** <h<5— ^L- (39) 
GK4 0] ml *m2 (4 0) 

[0 0 7 3] fc£U ml . m2 te2<,MCMfcSl8ffc£ 10 
fc<B£, h, ml , m2 , n' , no. ng#5$ (3 8) 
~5£ (4 0) £}j5N-fcibl£ «J^^l/>X6 1 tt, ft 
gfcml £m2 i:T*0#f^©^k$tlfclHl#fJ l 6^-? L 

[0 0 74] ^£80811*, ^-fy^GOON, OFFtC 
«fc»J. f 1 /ml , f 1 /m2 ^~T*f 1 

wtcits; (38) , « (39) immnzm^nx^n 

[0 0 7 5] ^TfC. ±m<D&mM0>Mffi8i.tf s t<D&m 20 

[0076] ai9 e> tc ±sw>&$m>o>fm 
tLxom^mmi nt. wfrnzmttiTzmmytz 

tem-Z^J h#4 K7 2j*&©JlJW^«:flWJ§U>X7 
3 {C«fc VWmiORWU «W»6**1/>X7 4 5: 
^LTAIt-r-5 0 -£LT, i53«K&l/>:X7 5«:lR»J7 
6jg^CBBSU )tfU>X7 7{C«fcUCCD7 8<D%g 

[0077] ±m<Dmm<DBim.zfz<D&gmm 
<DumM^,uyx^m^^m2<Dmmt. 0201;-^ 

«te»(C. ft®ls>X8 llC«fc»JCCD8 2tftft9ft*& 

8*u mntmrnm a 3 THi-awiu^* a 4 tc$ 

8 1 tCCD83 £CDf!3iai£») 8 8 £/rLT2o©l»J^ 
MU>X8 5, 8 6£f3W, ^©Jtll&BBJt&Jii&LT 40 

TV**5*ttCjSH&*W nJgE&j&b>X8 5, 8 6© 
g^if!K»&8 7tC«fcoTtf> hSr-^&oo. X-^ 

[0 0 7 8] fcfc, 02 OT*ttoJ^,^U>X8 5. 8 

[o o 7 9 ] 02 1 k ( i ) zmtwtiktmnfcm 
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[0 0 8 0] 9 i li. 5$ ( 1 ) fciwtif* 

£^ 9/I/*V?y**J§2 t»itt6aW«sHft^6 

&52§f»t9 2, 9 3 lC<fc U&*4T,k#8gJCfcoT^ 
T, ^8P«9 3lt^lC^-rS8[5^©»TWK^©r 
^J*;^*fctt3#{C^oT^-5= JKU9 1«3tflft 

[008 1] 021 icfcvvt. 9 1 ©cf>i> 

fc©*JWST*£fiWLT^K:i8ltf&^ £jE*J9 1&8 

»r aifctf-csi*, K»jfli6»ofc«ireft6. 

[0 0 8 2] 02 21*. JjffiEU 9 1 IcmEfciD*.*:^ 
T% *-T5;b*Vx^^^2ti/J-^^-h0^v^@Hf«I 
lefts©"*?, ^bl^l£g|^9 3fc;*j^;i,*v-ry 
*^2fc©flWliT?£E*f**£fcfc<116iSU 02 

^g|W9 3tf>®#f^£n93i;-t5Nf 
GR4 1] 

0. 8no<n93<l. 3 no (4 1) 

02 2 ©WT*^ b tiffl3ffl£1r&. 
[0 0 8 3] 02 l(D^T<ymatf£fc§ff&t-&)(D 

HR4 2] 

sin(90 <> -^)>^- (42) 

ft 

x&&. 

[0 0 8 4] 3&-f5;i/*v^*«B2tt3: 
(D ©frfrtitc, iBBtttcttsS (2 6) (2 

8) Xt±5*; (2 9) Xtt* (3 0) fc»fc1itfJ:V\, 
[0 0 8 5] MUhLTte, ^;i/*V-ry V 

m&2imiZ. ±^bfeA-f7W^^f7^?SS3 

151, 

4 i(Dm&\z\x 5$ (34) j^ba^. 

¥<Dm£klZ*>&mi,T^iL2>t>\ S(3 5), iS(3 

6) %»»t4:a&tcm^ 

[0 0 8 6] 02 3«#-f5;b*V-5^*?&il2£ffl^ 
fc^2 0)SSU 10 1 C0MT*feS o 02 1 <D®}) 9 1tM 

3 tc-f^fc-s^guMi 0 2©M3 
^i o2©Mia{i, waj^ttm-ts^cMSESxeis©. 

[0 0 8 7] 02 3©^ST*t* 

GK4 3] no<nl02 (4 3) 

&©T% MaaP©Jtbl , b2 l*^ffl!l^llI^Cj:oTtt 
If, *tf!&JlX'l4^fC 1 0 3 XWBLZfrWt*) 1 0 1 «k Ulfe* 

^{i^an^v^ nimzmmmn 020© 



(10) 

17 

[0 0 8 8] 02 3teaffi£OFF{CLfet$<D^'T'& 

0. 9n' <nl02<l. 2 n' (4 4) 

T*&5fc«), bl , b2 tefcJc-eiiGiU ^3K&«»cS$U 

[0 0 8 9] DOE©j£#i:LTte, as (3 7) T*JB#f 
#|fl#8fc*y, EWf»W»S:±trr» »yi:bT©iM*fc 

a&(ciai±a-a:*&«>fcj4. as (3 8) ~as (40) & 

Wfc+fcfcfe&V* (fc£U ngfenl02*CB«»A 10 

S) = 

[0 0 9 0] «fii:t/ttt, *>T5;i/*v*y*«fi2 
9JI/=ll/:*7-y??)ftA4 1, f-fX3f>^I^5 

***-y**flfi3 ixi**>f5;i/=ii/^-?uyf««4 

1 ©tg^lCli, * (3 4) tflH-fcfcfc&n. 

[0 0 9 1] mm*& (1) Sr*&"tj6»^*63W. n 
ffiffiiciias (l) ©a»*>yc * (2 6) xiias (2 20 

8) XfctaS (2 9) XttaS (3 0) «Rfcil:tf < J:V\, 
[0 0 9 2] aWSHJ»9 2%»DOEfc"fn»i. J: 

[0 0 9 3] BIU10 1 tCftn*.««EttSilftftt;: 

B^T-^5<fce)^LT : fo«fc<, •£©*£, 8»J10 1ffl 

m ias©j®i»#^i^c^b^sii$y t* y fifli-e* 

[0 0 9 4] ±iB0OiKU9 1, 1 0 Hi, 01 9©®?- 
P*J|gJ&7 l©»y 7 6^02 0(DfmgM8 OOStit*) 8 30 

8 0T-li*&-f, «BW«***i*fc«>. *©«B8:*fi* 

[0 0 9 5] *fc, »U 1 0 1 IC#*T, S^gUWl 0 2 
©(t>*©A»«:ML»Cl/T. ^B5©i«f*J5W<W^R»C 

©■es*»y*«»e>*i*. ^y^j^&ft^-?^ 

{«©»*«:#fc**»£KM3SS (3 8) 3U*aS (3 9) 

©-#»4ifi(£tW(c»ati*©#«A<, * (3 8) £as 

(3 9) fc#HlWC»S*U&V\##AVt ttfefc. aS (4 40 

o) \imt&mif&>&) . 

[0 0 9 6] fcfcjLJdSC (3 8) #^±fC 

S (39) #eras£T»**fc&, ftdRml © 
3fcttB92 3, 2 4©V^4x©ttJB"P%i3**l**5fc*3W. 
#ft"**©T?, >*aSml ©ftlCttLTHty 1 0 1 teiSg 

[0 0 9 7] *S (3 8) , «(39) 

S*l*»£fCtt, &aSml 3Gim2©fttC*fLT, ftgy 
1 0 ltt«»/tyj( £l/Ottf1??S 3©*§ 
-£T?fc0 2 3 2 4 CD^HCig^WJCmjE &3!;1T 50 



#IH§¥ 9-243806 

18 

fittli. S (38) , ^ (39) ©tt>©nel£tiKttfC 

(2) &4HfrTS£fftf%&) . 

[0 0 9 8] H2 5M3S (1) , S(2 6) , aS (2 

8) , as (2 9K 5* (30) fflv^-rn^&swisas 

JBufciflSe^yXk (S>SV%ttB^) , t{g|6]S) 111© 

[0 0 9 9] ^©isfifc^yXAl 1 1TJ*. 02 5JC^ 
1"J:e>lC, **l^&SV*tt©£¥y^©»W»tn 
l 2fcj»j|»tti l 3®ia«c*>f9^*v^-v^«ft2 

jwatstiTv^*. aman&i 1 2©jB#f^ 

^^^^^^^©ja^n' £^L<LT 

[0 10 0] £iTMBffifcT»fifc:/yXkl 1 1 iCflHtS 
£, 0 2 6 © J: *> izm£k(Offi#mtt* * h D tT>y jr {C& 
y, #^;i/:T7^y2reil2©ffi^5tfnolCT5© 

[0 10 1] JSftfcLTtt. *-f9;i/*V*-y**J|2 

*-y*IMi3 lXli^7;i/3l/fU>vWB4 1©S 
^•icidu * (3 4) fcfci3&v\. 

[0102] ©i* y^i®^s:i***< LTansanwi 

£©i& as (3 7) zm-tt&<* a^tcas (3 8) , 
as. (3 9) . as (4 o) s:«»ji. «y©sfeSR©*v\ 

1 1 2<Dim^mt>-t) . 

[0 10 3] i©BBK^UXi*l 1 ^URSlhffl 

[0 10 4] £~5T\ ±IBffl»y9 1, lOl&tfBr 
JE^'JXAl 1 lT»fflv^fe3fc»fflffillffiRMfflBCai*, -r 

[o i o 5] 02 7i^ as (i) 3z.«as (2 6) , as 
(28) , as (29) . as (30) wirtifr&mtW!. 

ft&fflV^fc-^-f ^^l/>f 1 2 l©0!|T*fe-5o 

[0106] z.a^'r^y.zfxy-i 1 2 1m 02 7tc^ 
-f'jc-^C, ©rtfy^©^«:bfcl(fiBS:Jfr3j8Wasfei' 
122t, SWBlMt 1 2 3 ©r^lC^S 12 4 *^BS3 n 
TV^o affittftl 2 2©®#f^^i«^Sn , {C^LV%t 
-TS. 1 2 4 tt, 1 2 5 (C«t y mM©iBi& 

CBBBtEA'Bttnani^itcftoTJBy, ^>yi2 

6©^*^-^^;!/^ 1 2 7&/rbT\ SWSlMitl 2 

3, «Ai 2 4, 39981^1 2 2i:MS?«®i1-SJ:e){c 
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[0 10 7] rCJ^ICflWtb&T 1 * 1 2 11C 

[0 10 8] B<DM^©«ke){Cli5^«ffi*^^o 
"O *4&H#rtt, .ffiA l 2 4 ©fflMtt** * h a * 

\Zt££<DX\ 7^12 $<»%\mwm%l 2 2{Cj:o 
T$KJgifr<**l> A<Z>RBlCl£Bf < £*;t<2> 0 

[0 10 9] C(DWm<D&$lZtpr£(DmB.i:tUZ.Z>£.. 10 
9>^1 2 5<DMtAtB tWffllZjmZtl&nX: 

e> dflfttfcfcttm ufcvvznw&v w-mmx-%>&* 

[0 110] 02 8«v>^l 2 5©**>y»Cfi«1gl 
3 1 SrMnfoRMga-r-f *^l/>f 1 3 0©«T*&*. 

[0 111] fiMffl©fV*:/l/-f 1 3 01*1*. B92 8 
IZTfr? «fc"5»C BlftA©J:3K:ttEE©frfrt>TVi&v\B 

#T©lR, IRgLStiWK**.*. BffltCT?tt-t©t|»IHIi: 20 

[0112] z.^o>%<»mtt±*.»m*z>?j 

©J: 3lc£KSf«:J8n& tfiEU 1 0 leaflets 

[0113] j^©f=Y*:7w©«"ettmv***Si 
J*. *>f5;b*v^y*«ft2JS*m^ #-r5/i/*** 

$^^fe^^f!iS«a J f>3^<Uv-^^=bfflv^sz:i:^ 30 

[0114] T'-fx^wcfflv^aan** (i) , * 

(26)^(28)^(29),^ (3 0) tvtfTl 

<f?JI/:3l/*^Uy9tt£4 i©«£ictt. 5$ (3 4) 

[0 115] WfeilSffl^fe, SWBffir3fc¥3K 

T>ftMft©t§^ * (3 5) Xtt5£ (3 6) zm-fzn 

T% «fcy»ffiiB©*»©a«»&*l6. 40 

[0116] fcfc, ±B««ii©»«-effl^««MW^ 
^ S^*v H7*;i/*jWlfttT*«S, a* MB*. 

©©si*, imm^fs-j vt^mn^mmzw^M 
[oii7] ±m&mm<D&mT-<Dm§h*m^t-*s$m 

■eiifeSsW. 3«©»iwcj§^*»£ictt. * (i) « so 
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BK4 5] P<* (4 5) 

[0 118] *fc, **ffi»«&afci«6fctt. 

GR4 6] P<*/2 (4 6) 

[0 119] ffilffift. h©ft^©^T-tt, 
GK4 7] P<2* (4 7) 

[0120] ^^n^-y^Rfisiftfflv^fetB 

^iCtt* (4 5) Xltt (4 6) XtesS (4 7) 

[0121] z.titx'o&mmoy&mt^xiz-o^x. 

4 1, r-fX3fy^5 1, S&fcttiflfc*?-#K* 
[0 12 2] [#BB] 

(#ISS 1 ) l ttnmtiz «fc U tiSSRSlcftKA 

s:»au mifrbnmmwftmiz&vmm&nmi 

[0 12 3] (#fB3(2) «K3fc3^1»JS9fc5S#?- 

fes i ^ ^^fc-rs^a® i \z^<D%mmmt% 
[0124] (frtaffl 3 ) m^^mmt^m^ 

[oi25] (#g3«4 ) mMmm^mmmfr 
warn*. 

[0 12 6] (#BBS5) tWBl*t©W*t©-#JWlI 

#fSP#T-&oT, m&(mffii>sm&mfti~ mm 

[0127] (tfgESC 6 ) 1 *f©Stf K«fc »J JgritS*l 
[0 12 8] (fdlBS7) S (2 8) , S (2 9) , 
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55 (3 0) , 55 (4 5) , 55 (4 6) , 55 (4 7) <Z>4> 

6 <m vrftrt* i otcisig©ft^ffi>^ft^^ife fcii 

[0 12 9] (tffB3l8) Sfflfflttfcl/C, *-f5* 

JKUv-Wfi. i«HWC*R«: 
4MRS*fc*. S^*3*y*»^vvrft**fcfli^fc 

©#3^^#^^*£W3^e. io 

[0130] (f!«3S9) p • n* i)\ m^zytam 

[0 13 1] (#IE«10) 55 (3 5) *fc«:55 (3 
6) S:m-rzii:?:#mi:-tS#t3Sl7IrM9©^-rn 

[0132] (ffismn) * o 7) fcmttfis 

[0 13 3] (frIBSl2) 55(3 7), 55(3 

8) , 55 (3 9) , 55 (4 o) *mtt.*im&eMBm 

[0 13 4] (#§33(13) 55 (4 1) £££55 (4 
2) S:»fcff5tfB«3*fctt«aBa775SlO©v^n 

[0 13 5] <flg8Bl4) 55 (3 7) fcftfc+tfK 

St 6 7$M 1 0 CDV vTftrt* 1 olC|B^c<0»^#l4«rgB 1 6^ 
^-f^e>?5:-5iKUo 30 
[0 13 6] (ttfSKl 5) 55 (3 7), 55 (3 

8) , 55 (3 9) , 55 (4 0) ttmiZ-tmSHBTMl 

0 ©^-r tup 1 ^\zmt<Dftm&&mm&m3-fr<D* 

[0 13 7] (ffi&RlG) 55 (4 3) *&tt55 (4 

4 ) fciifc-rtfiB® 6 i o <ov x-f ft** i ofcgBiS© 

[0 13 8] (<ftfiSgl7) f^3f>yi'M*^ 

(fjia«i8) ttrg^fr&ottaa^ffii*. «§, 40 
t *!&&£? zrnm mmio ©wtft* 1 oicis® 

[0 13 9] (flfEfllO) 55 (2 8), 55(2 

9) , 55 (3 0) , 55 (4 5) , 55 (4 6) , 55 (4 

[0 14 0] (#IBS2 0) 55 (3 8) *fetii5 (3 
9) 0ypt£<£*>l-2£. 55 (4 0) &$8fc^WiB*i 

9 Km&fimms&mi&wsmz'. 50 
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[0 14 1] (f«3S2 1) tffS3U^e>2 0©ft3S: 

[0142] (frta«2 2) #3aa6^e>i 0©^ 

[0143] 

Jfc^T/hS V ^,fttf ? £f$o X W£ ©T*, 

T*, 3fe*«m*W»B! < {£«ffiic «fc UKttBUn?^*^ 

[0 1 ] *mi<z>m 1 ©*Sfc^Mttc«s «fifc*& uy 

[02] 01©#^;b*V^y*$||©#^JB#r2$ 

[S3] 01 v*mM&. vyxmm zwm-tzmmm 
[04 ] 0 1 <D-mM^^yx<DmmimwL^-tm 
mm 

[05] mi<n*imk&\syx<Dmioy$d&m\zm*'^ 
[06] 05©#>r =7)^7,* >?m&*m^r=.nm 

[07] H6©^3B»j*U>X®^fflft«W3"t*BttBH 

[08] UXf'J '^M^^c@l ©Hi 

[09] m8<D-mM.&\syx<z>ftmz®ffl-?2>®flm 

[010] 08 ©#-f ux-^U y 

[011] ^xn^^^^^fflv^sirooj^^ 

[012] 01 inimM.&i'yxnftmzmffl-t&M 
mm 

[013] 01 inTi^ttvtWLMiOyfr^cDmiftm 

[014] 01 2©5^X3^y ^JlfcZ^ftfrlbji 

feB#©fs 1 ©0 

[015] 01 2®f-fX3fy i^H&Z^ftfrfDjI 
£B#©f|2©0 

[016] 01©;fc^5;i/*v^y*&||©ieinl£^b 

[017] 01©#>f^;i/*V^y£Mi!itf>@Bl«J&^b 
£-t»:.5©lCi&gMb5:fflv b>X©*fj&£:;jt 

[018] #5BfE©fg 2 ©&ffi©^£ffi*i3£ftl& U 

[01 93 ^m&oywmaym^^yx^mxtz.mi 
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[02 0] #^J6(3D^<Z)pIie^b>XS:mfel|2 
[022] 0 2 l ©S?£ l ©J6ffi«©«Ufl &I&i8-r SiaW 

0 

[023] &mmmmv>'mm&.i'yx*imht=.m 

2 ©J&fl§M©^£^-t1&fc0 

[024] 0 2 3 0>f§ 2 (DfE;fflM©#ffl ■kwmt zwm 

0 10 

[025] &m&(mm<DTmM8^yx*.w%i>tz.m 

3 0fBfflM©^&^-r«^0 

[02 6] 02 5©^3©f5fflM©#ffl&IK^-rS^ 

0 

[027] ^ms&<mmoy^mMM^yx^mmhtc.m 
[028] &m&<mm<DimM.&i'yxzimLt=.n 
[0i] 
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